List of Claims 

1 . (currently amended) A method for operating a compression ignition 
engine having a cylinder wall, a piston, and a head defining a combustion chamber, 
comprising the steps of: 

delivering fuel substantially uniformly i nto the combustion chamber-r&e 
fuel being dispersed throughout the combustion chamber and spac e d from the cylinder 
wal k at least in part bv injecting fuel into the combustion chamber in a spray pattern defined 
at least in part by a first set of holes oriented with a small dispersion angle relative to a fuel 
injector centerline and a second set of holes oriented with a large dispersion angle: 

delivering an oxidant into the combustion chamber sufficient to support 
combustion at a first predetermined combustion duration; and 

delivering a diluent into the combustion chamber sufficient to change the 
first predetermined combustion duration to a second predetermined combustion duration 
different from the first predetermined combustion duration. 

2. (currently amended) A method, as set forth in claim 1, wherein 
delivering fuel substantially uniformly into the combustion chamber includes the step of 
deliverin g -including a step of mixing the fuel and oxidant into a substantially homogenous 
distribution of fuel into the b efore being ignited in the combustion chamber. 

3 . (currently amended) A method, as set forth in claim 1, wherein 
delivering fuel substantially uniformly into the combustion chamber includes the step of 
delivering fuel into the combustion chambe rt he injecting step is performed at a timing and 
the dispersions angles are such that fuel does not impinge on the cylinder wall. 

4. (currently amended) A method, as set forth in claim 1, wherein 
delivering fuel substantially uniformly into the combustion chamber includes the step of 
injecting fuel in at least on e pattern indicative of a desired angl e of dispersion t he spray 
pattern includes a showerhead pray pattern . 

5 . (currently amended) A method, as set forth in claim 4, wherein 
injecting fuel in at least one pattern includes the step of injection fuel in at l e ast on e pattern 
with respect to t he spray pattern is a design based at least in part on a geometry of the 
piston. 
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6 . (currently amended) A method, as set forth in claim 4, wherein 
inj e cting fuel in at least one pattern includes t he step of injecting a first portion of fuel at a 
first angle of dispersion and injecting a s e cond portion of fuel at a second angl e of 
dispersion i s performed throu g h the first and second sets of holes simultaneously . 

7 . (currently amended) A method, as set forth in claim 4, wherein 
injecting fuel in at least one pattern includes t he step of injecting fuel through a nozzle of an 
injector having a plurality of holes arranged to inject fuel in at least one pattern i s performed 
through the first and second sets of holes at different times . 

8 . (currently amended) A method, as set forth in claim 47, wherein 
inj e cting fuel in at least one pattern include s t he step of injecting fuel in a plurality of 
pr e d e termined pattems i s performed through the first and second sets of holes 
consecutively . 

9. (cancelled) 

10. (currently amended) A method, as set forth in claim 74, wherein 
injecting fuel through a nozzle of an injector includes t he step of injecting fuel is performed 
through a plurality o f at least ten micro-sized holes arranged on the nozzle such that fuel is 
injected in a plurality of predetermined patterns . 

1 1 . (currently amended) A method, as set forth in claim 1, wherein 
delivering fuel s ubstantially uniformly i nto the combustion chamber includes the step of 
delivering fuel into the combustion chamber in the range of about 50 degrees before top 
dead center to about 180 degrees before top dead center. 

12. (currently amended) A method, as set forth in claim 11, wherein 
delivering fuel substantially uniformly i nto the combustion chamber includes the step of 
delivering fuel into the combustion chamber in the range of about 60 degrees before top 
dead center to about 70 degrees before top dead center. 

13. (currently amended) A method, as set forth in claim 1, wherein 
delivering fuel substantially uniformly i nto the combustion chamber includes the step of 
delivering fuel into the combustion chamber in the range of about 30 degrees before top 
dead center to about 90 degrees before top dead center. 
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14. (currently amended) A method, as set forth in claim 13, wherein 
delivering fuel substantially uniformly i nto the combustion chamber includes the step of 
delivering fuel into the combustion chamber in the range of about 40 degrees before top 
dead center. 

15. (original) A method, as set forth in claim 1, wherein delivering an 
oxidant includes the step of delivering a quantity of fresh air into the combustion chamber. 

16. (original) A method, as set forth in claim 1, wherein delivering an 
oxidant includes the step of delivering a quantity of oxygen into the combustion chamber. 

17. (original) A method, as set forth in claim 16, wherein delivering a 
quantity of oxygen includes the steps of: 

providing a quantity of fresh air; 

separating a quantity of oxygen from the fresh air; and 

delivering the oxygen into the combustion chamber. 

18. (original) A method, as set forth in claim 1, wherein delivering a 
diluent into the combustion chamber includes the step of delivering a diluent comprised of 
at least one of air, nitrogen, and recirculation exhaust gas. 

19. (original) A method, as set forth in claim 1, wherein delivering a 
diluent into the combustion chamber includes the step of delivering a diluent having at least 
a portion of recirculated exhaust gas. 

20. (original) A method, as set forth in claim 19, wherein delivering a 
diluent having at least a portion of recirculated exhaust gas includes the step of delivering a 
diluent which includes recirculated exhaust gas from about 40 to about 60 percent of a total 
quantity of exhaust gas. 

2 1 . (original) A method, as set forth in claim 1, wherein delivering a 
diluent into the combustion chamber includes the step of delivering a diluent having at least 
a portion of nitrogen. 
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22. (original) A method, as set forth in claim 21, wherein delivering a 
diluent having at least a portion of nitrogen includes the steps of: 

providing a quantity of fresh air; 

separating a quantity of nitrogen from the fresh air; and 

delivering the nitrogen into the combustion chamber. 

23. (original) A method, a set forth in claim 1, wherein delivering a 
diluent sufficient to change the first predetermined combustion duration to a second 
predetermined combustion duration includes the step of delivering a diluent sufficient to 
change the first predetermined combustion duration to a second predetermined combustion 
duration having a value greater than the first predetermined combustion duration. 

24. (original) A method, as set forth in claim 1, wherein delivering a 
diluent into the combustion chamber includes the step of delivering a diluent into the 
combustion chamber sufficient to change a first predetermined pressure rise rate to a second 
predetermined pressure rise rate different from the first predetermined pressure rise rate. 

25. (original) A method, as set forth in claim 24, wherein delivering a 
diluent into the combustion chamber sufficient to change a first predetermined pressure rise 
rate to a second predetermined pressure rise rate includes the step of delivering a diluent 
into the combustion chamber sufficient to change a first predetermined pressure rise rate to 
a second predetermined pressure rise rate having a value less than the first predetermined 
pressure rise rate. 

26. (currently amended) A method for operating a compression ignition 
engine having a cylinder wall, a piston, and a head defining a combustion chamber, 
comprising the steps of: 

delivering fuel substantially uniformly i nto the combustion chambeMhe 
fuel being dispersed throughout the combustion chamber and spaced fro m in a manner and 
at a timing that avoids fuel condensing on the cylinder wall; 

delivering an oxidant into the combustion chamber sufficient to support 
combustion at a first predetermined pressure rise rate; and 

delivering a diluent into the combustion chamber sufficient to change the 
first predetermined pressure rise rate to a second predetermined pressure rise rate different 
from the first predetermined pressure rise rate. 
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27. (original) A method, as set forth in claim 26, wherein delivering a 
diluent into the combustion chamber includes the step of delivering a diluent into the 
combustion chamber sufficient to change a first predetermined combustion duration to a 
second predetermined combustion duration different from the first predetermined 
combustion duration. 



28. (original) A method, a set forth in claim 26, wherein the second 
predetermined pressure rise rate is less than the first predetermined pressure rise rate. 

29. (original) A method, as set forth in claim 27, wherein the second 
predetermined combustion duration is greater than the first predetermined combustion 
duration. 



30. (currently amended) A method for delivering fuel into a combustion 
chamber of a compression ignition engine, the combustion chamber being defined by a 
cylinder wall, a piston, and a head, comprising the steps of: 

delivering the fuel to a nozzle of an injector, the nozzle having a plurality of 
holes distributed in a desired pattern; and 

injecting the fuel through the nozzle holes into the combustion chamber in a 
predetermined spray pattern and at a predetermined timing so that the fuel is dispersed 
homogeneously throughout the combustion chamber before igniting and spaced 
fee mwithout fuel condensing on the cylinder wal k and 
delivering recirculated exhaust gas to the combustion chamber. 

3 1 . (currently amended) An apparatus for operating a compression 
ignition engine having a cylinder wall, a piston, and a head defining a combustion 
chamber, comprising: 

a fuel injector having a nozzle positioned to inject fuel in a dispersed 
showerhead pattern throughout i nto the combustion chamber and spaced fro mw ithout liquid 
fuel spray contacting the cylinder wall; and- 

an air supply system for delivering at least one of an oxidant and a diluent 
into the combustion chamber s and 

a diluent delivery system for delivering a diluent into the combustion 

chamber. 



32. (cancelled) 
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3 3 . (original) An apparatus, as set forth in claim 3 1 , wherein the air 
supply system is configured to deliver an oxidant into the combustion chamber sufficient to 
support combustion at a first predetermined combustion duration and at a first 
predetermined pressure rise rate. 

34. (currently amended) An apparatus, as set forth in claim 33, wherein 
the air supply diluent delivery system is configured to deliver a diluent into the combustion 
chamber sufficient to change the first predetermined combustion duration to a second 
increased predetermined combustion duration, and to change the first predetermined 
pressure rise rate to a second decreased pressure rise rate. 

35 . (currently amended) An apparatus, as set forth in claim 3 1 including 
, wherein the air supply system includes: 

an air source; and 

a turbocharger system for receiving air from the air source and providing at 

least one of the oxidant and the diluent at boost pressures sufficient for substantially 
homogeneous combustion . 

36. (currently amended) An apparatus, as set forth in claim 35, wherein 
a sufficient t he turbocharger system has a boost pressure isof at least about 4 to 1. 

37. (currently amended) An apparatus, as set forth in claim 36, wherein 
a sufficientt he boost pressure is at least about 4.5 to 1. 

38. (currently amended) An apparatus, as set forth in claim 35, wherein 
th e air supply s yst e m includes i ncluding an intake air separation system for receiving a 
supply of air and responsively providing a supply of oxygen and nitrogen as a respective 
oxidant and diluent. 

39. (new) The method of claim 1 wherein the fuel and oxidant 
delivering steps are adjusted to produce a stoichiometric equivalence ratio in the combustion 
chamber. 

40. (new) The method of claim 39 including a step of treating 
combustion exhaust gas with a three way catalyst. 
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